GRANT NO: DAMD17-94-J-4040

TITLE: Mapping Mammary Carcinoma Suppressor Genes in the
Laboratory Rat

PRINCIPAL INVESTIGATOR(S) : Michael Gould, Ph.D.
V. A. Ford, Ph.D.

CONTRACTING ORGANIZATION: University of Wisconsin

| REPORT DATE: June 30, 1995

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012
\

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

L




REPORT DOCUMENTATION PAGE

4

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
.gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 30, 1995 Annual 1 Jul 94 - 30 Jun 95

4. TITLE AND SUBTITLE
Mapping Mammary Carcinoma Suppressor Genes in the Laboratory
Rat

6. AUTHOR(S)

Michael Gould, Ph.D.
V. A. Ford, Ph.D.

5. FUNDING NUMBERS

DAMD17-94-J-4040

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

University of Wisconsin
Madison, Wisconsin 53706

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBU?IOM /AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

See next page

14. SUBJECT TERMS

mammary cancer, tumor suppressors, positional cloning,
Jgene mapping

15. NUMBER OF PAGES
29

16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclagsified _ Unclagsified

Unlimited

NSN 7540-01-280-5500

Stand Form 298 (Rev. 2-89)
Prescrib b&' fNS,I #S;dgfcﬁ‘_?-ls - (
298302 AU (L{UNSE0EC




GENERAL INSTRUCTIONS FOR COMPLETING SF 298

The Report Documentation Page (RDP) is used in announcing and cataloging reports. It is important
that this information be consistent with the rest of the report, particularly the cover and title page.
Instructions for filling in each block of the form follow. It is important to stay within the lines to meet

optical scanning requirements.

Block 1. Agency Use Only (Leave blank).

Block 2. Report Date. Full publication date
including day, month, and year, if available (e.g. 1
Jan 88). Must cite at least the year.

Block 3. Type of Report and Dates Covered.
State whether report is interim, final, etc. If
applicable, enter inclusive report dates (e.g. 10
Jun 87 - 30 Jun 88).

Block 4. Title and Subtitle. A titleistaken from
the part of the report that provides the most
meaningful and complete information. When a
report is prepared in more than one volume,
repeat the primary title, add volume number, and
include subtitle for the specific volume. On
classified documents enter the title classification
in parentheses.

Block 5. Funding Numbers. To include contract
and grant numbers; may include program
element number(s), project number(s), task
number(s), and work unit number(s). Use the
following labels:

C - Contract PR - Project
G - Grant TA - Task
PE - Program WU - Work Unit

Element Accession No.

Block 6. Author(s). Name(s) of person(s)
responsible for writing the report, performing
the research, or credited with the content of the
report. If editor or compiler, this should follow
the name(s).

Block 7. Performing Organization Name(s) and
Address(es). Self-explanatory.

Block 8. Performing Organization Report
Number. Enter the unique alphanumeric report
number(s) assigned by the organization
performing the report.

Block @. Sponsoring/Monitoring Agency Name(s)

and Address(es). Self-explanatory.

Block 10. Sponsoring/Monitoring Agency
Report Number. (If known)

Block 11. Supplementary Notes. Enter
information notincluded elsewhere such as:
Prepared in cooperation with...; Trans. of...; To be
published in.... When a report is revised, include
a statement whether the new report supersedes
or supplements the older report.

Block 12a. Distribution/Availability Statement.
Denotes public availability or limitations. Cite any
availability to the public. Enter additional
limitations or special markings in all capitals (e.q.
NOFORN, REL, ITAR).

DOD - See DoDD 5230.24, “Distribution
Statements on Technical
Documents.”

DOE - See authorities.

NASA - See Handbook NHB 2200.2.

NTIS - Leaveblank.

Block 12b. Distribution Code.

DOD - Leave blank.

DOE - Enter DOE distribution categories
from the Standard Distribution for
Unclassified Scientific and Technical
Reports.

NASA - Leave blank.

NTIS - Leave blank.

Block 13. Abstract. Include a brief (Maximum
200 words) factual summary of the most
significant information contained in the report.

Block 14. Subject Terms. Keywords or phrases
identifying major subjects in the report.

Block 15. Number of Pages. Enter the total
number of pages.

Block 16. Price Code. Enter appropriate price
code (NTIS only).

Blocks 17.-19. Security Classifications. Self-
explanatory. Enter U.S. Security Classification in
accordance with U.S. Security Regulations (i.e.,
UNCLASSIFIED). If form contains classified
information, stamp classification on the top and
bottom of the page.

Block 20. Limitation of Abstract. This block must
be completed to assign a limitation to the
abstract. Enter either UL (unlimited) or SAR (same
as report). An entry in this block is necessary if
the abstract is to be limited. |f blank, the abstract
is assumed to be unlimited.

Standard Form 298 Back (Rev. 2-89)

*U.8.GP0:1993-0-358-779




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the US
Army.

Wwhere copyrighted material is quoted, permission has been
obtained to use such material.

V// Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

3 Ccitations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

} In conducting research using animals, the investigator (s)
adhered to the "Guide for the Care and Use of Laboratory
Animals,” prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Resources, National
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator (s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
ttj/yational Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator (s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

\ Aogsssien ?65

[ K71S  GRART 4 o _
DTIC TAB 0o / W jé« /j" s - 7

| Unennousced . PI < Signature Date
\ Justification
!
!
3

B




TABLE OF CONTENTS

Abstract
Introduction

Body
Materials and Methods

Results and Discussion
Conclusions
References
Appendix A

Appendix B

page

13

16

17

20




ABSTRACT

Inbred strains of rats differ in their susceptibility to both spontaneous and
chemically-induced mammary carcinoma formation. Classical genetic breeding studies
combined with modern molecular biology techniques can be utilized to identify the gene
or genes responsible for these inherited differences. We are currently using such
techniques to try to identify the gene(s) responsible for the mammary carcinoma
resistance trait in inbred Copenhagen (COP) and Wistar Kyoto (WKy) rats. Previous
data identified a marker on rat chromosome 2 which is linked to the resistance
phenotype. However further markers must be obtained to map the region adequately
before chromosome walking can begin and attempts made to isolate the gene. To this
end we are applying several techniques. First, new simple sequence repeat markers
are being used to further map the rat genome and look for other regions involved in the
resistance phenotype. This approach has yielded a region on rat chromosome 7 which
initially appears linked to the resistance phenotype. However closer markers must be
identified to confirm this linkage. Two other techniques are being employed to further
our progress towards mapping of this phenotype. Microdissected and chromosome-
sorted libraries for rat chromosome 2 are being generated and screened for simple
sequence repeat markers in an attempt to better characterize the region on
chromosome 2. Also, a new technique called genetically driven representational
difference analysis (GDRDA) is being employed to isolate new markers throughout the

genome which are linked to the phenotype.




INTRODUCTION

It has been known since the 1950's that different strains of laboratory rats exhibit
different rates of formation of various kinds of tumors (Dunning and Curtis, 1945).
The Wistar Furth (WF) and Fisher 344 (F344) strains are highly susceptible to both
spontaneous and chemically-induced mammary tumors (Gould, 1986). The
Copenhagen (COP) and Wistar Kyoto (WKYy) strains are very resistant to both types
of mammary cancer (Dunning and Curtis, 1945; Haag et al., 1992). The resistance
to mammary carcinomas in the Copenhagen rat was initially described in the 1940’s.
Using the chemical carcinogen 2-acetylaminoflourene (AAF), it was shown that
Copenhagen rats rarely developed mammary cancers but were not protected from
the formation of hepatic cancers. Thus the cancer resistant phenotype of these rats
was believed to be mammary specific (Dunning and Curtis, 1945). Research
completed within the last ten years by both this laboratory and that of Dr. John
Isaacs pinpointed the nature and site of action of the genes involved in this
phenotype. Using classical genetic breeding studies and transplantation studies it
was demonstrated that the mammary carcinoma resistance phenotype of the COP
rat was likely due to the action of a single autosomal dominant gene whose site of
action lies within the mammary epithelium (Isaacs, 1986, Gould et al.,1989; Haag et
al., 1992).

The goal of this research is to map and eventually clone the rat gene(s) we call

MCS (mammary carcinoma suppressor) which are responsible for the tumor




resistance phenotype in the hope it will prove useful as a diagnostic indicator of
breast cancer risk in humans and possibly lead to the formation of new drugs for the
treatment of human breast cancers. To this end much research has already been
completed. Using four strains of rats, two which are susceptible to chemically-
induced mammary carcinogenesis (WF and F344) and two which are resistant (COP
and WKy), two separate backcross sets of animals were generated and tested for
the formation of mammary tumors following administration of 7,12-dimethybenz (a)
anthracene (DMBA). For each cross, (WKy x F344)F1 x F344 and (COP x WF)F1 x
WF, approximately 200 female offspring were generated and phenotyped. Animals
containing two or more mammary tumors were genotyped as lacking the tumor
suppressor gene, animals having no tumors as carrying the suppressor gene, and
animals with one mammary tumor were considered ambiguous (Hsu et al.,1994).
Using the relatively new techniques of mapping with mini- and microsatellite markers
(Jeffreys et al., 1985; Hilbert et al.,, 1991, Jacob et al., 1991) a linkage map was
created for the two backcross sets. Briefly mini- and microsatellite markers are
composed of simple sequence repeats (SSR) 1-60 base pairs in length and often
contain dinucleotide repeats (Miesfeld et al., 1981, Hamada et al.,, 1982). These
repeats are located throughout the genome at roughly 30 centimorgan distances
(Hamada et al., 1982; Stallings et al., 1991), and the length of each repeat can
vary from strain to strain thus making them useful for genetic mapping (Weber,
1990). Microsatellite markers are distinguished on sequencing gels following a

polymerase chain reaction (PCR) using primers located on either side of the repeat,




while minisatellite markers are resolved on genomic Southern blots. Genetic
mapping of the MCS phenotype using these SSR markers and our two sets of
backcross animals was performed in two different ways. First, qualitative analysis
was performed under the assumption that tumor resistance was caused by a single
locus having two alleles, with COP and WKy rats having the genotype SS (dominant
suppressor), and WF and F344 having the genotype ss (recessive allele =
susceptible). For the backcross analysis, resistant animals (no tumor formation)
were assumed to be heterozygous (Ss) for the locus and susceptible animals (two
or more tumors) were assumed homozygous (ss). Second, quantitative analysis was
performed in order to allow for the possibility that resistance might be due to more
than one gene locus. In this analysis the number of tumors is dealt with as a
quantitative trait and estimates the contribution of a given locus to the phenotype
(Lander et al., 1987). Using both types of analysis, the minisatellite marker M13
was shown to be linked to the MCS phenotype (Hsu et al.,, 1994). M13 yields a
LOD score of 4 using qualitative analysis and 3.8 using quantitative analysis. A LOD
score of 3 indicates that the marker has a greater than 99% chance of being linked
to the specific trait. Fluorescence In situ hybridization (FISH) to whole rat
chromosomes using a P1 clone containing the sequence of a marker (Mit-R1025),
which lies near M13, confirms mapping to the centromeric end of rat chromosome 2
(Hsu et al.,, 1994). The mapping distance from M13 to the mammary carcinoma
suppressor locus (Mcs-1) was tentatively identified at 28 cM from R1025 on the

centromeric end of chromosome 2 (Appendix A). As this distance is based on the




recombination fraction of only one marker and under the assumption that there is
only one suppressor gene, this distance cannot be believed as accurate therefore
we have not yet pinpointed Mcs-1 on the map pinpointed in Appendix A. If other
loci were involved the perceived distance would appear larger than the actual
distance since the effect of additional loci will be incorrectly attributed to

recombination events between the marker and the trait locus.

Initial studies of a related experiment involving mammary tumor formation in
(COP xWF)F1 hybrids demonstrated that 27% of the animals developed tumors
following DMBA exposure unlike the 0% (as in the parental COP strain) which was
expected since each animal contained one copy of the tumor suppressor (Gould et
al., 1989). With the (WKy xF344)F1 hybrids, ten percent of the animals developed
mammary tumors in comparison to the parental WKy (3%) (Haag et al.,, 1992). We
believe these results are due to loss of the tumor suppressor gene following DMBA
exposure. Preliminary data in the primary tumors demonstrates that 12 of 33
microsatellite markers tested displayed loss of heterozygosity (Hsu et al., in
preparation). Surprisingly, none of the chromosome 2 markers demonstrated any
loss in this experiment, suggesting that chromosome 2 deletions may not be
involved in the formation of mammary carcinomas or that the markers used were not
sufficiently close to the Mcs-1 gene to identify such losses. Further mapping of
MCS alleles will allow these experiments to be repeated using better markers.

Mcs-1 is believed to represent a new tumor suppressor gene since the tumor




suppressor gene RB71 maps to rat chromosome 15 (Szpirer et al., 1991) and p&3
(Thompson et al., 1990; Lindblom et al., 1993) and BRCA1 (Hall et al., 1990) both
likely map to rat chromosome 10 based on estimates of known homologous regions
between rat and human chromosomes (Levan et al, 1991). Recent mapping
experiments in this laboratory confirm the location of BRCA7 on rat chromosome 10
(unpublished results).

The main objectives of this proposed research were as follows:

1. Isolate new simple sequence repeat markers to fine-map (to within 1 cM

resolution) the region of chromosome 2 surrounding the Mcs-7 locus.

2. Test additional markers over the thus far untested regions of the rat genome for
linkage to the MCS phenotype (to 5 cM resolution). Confirm mapping of additional
genes to specific chromosomes by FISH to whole chromosomes using specific SSR-

positive P1 clones.

3. Fine-map new areas in the genome (to 1 cM resolution) that demonstrate linkage

to the MCS phenotype. Begin to positionally clone the gene(s) identified.

4. Isolate coding sequences from P1 or cosmid clones containing MCS phenotype-
linked SSRs for determination of homologous regions in the human genome and

possible correlation with already identified human genes.




5. Test for loss of heterozygosity of MCS-linked SSR markers in mammary tumors

of two independent F1 hybrids following radiation and DMBA tumor induction.

The past year has been spent trying to obtain additional SSR markers from the
chromosome 2 libraries, screening the entire rat genome for linkage to the MCS
phenotype with new SSR markers obtained from Research Genetics, and utilizing a
new technique, Genetically Driven Representational Difference Analysis (GDRDA),
to obtain new genomic markers that are linked to the tumor suppressor phenotype.
GDRDA is a PCR-based subtraction procedure that leads to the generation of
restriction fragment length polymorphisms (RFLPs) markers that are closely linked to
the phenotype of interest (Lisitsyn et al.,, 1993; Lisitsyn et al., 1994). For this
procedure two libraries (tester and driver) are constructed from restriction
endonuclease digested DNA to which single-stranded adaptors are ligated so that
PCR can be used to create a large amount of each library. Under the conditions
used for PCR only small fragments (roughly 0.15 -2.0 kb) are generated. Thus each
library is only a representation of the original DNA sample (i.e. only a subset of the
total restriction endonuclease fragments are present in the library). The DNA
samples used for our analysis came from the (COP x WF)F1 x WF backcross
animals. For our analysis the tester library was constructed from COP DNA. This
sample contained one copy of the Mcs-1 gene. The driver library was constructed
of a mixture of DNA from 20 different backcross animals, all of which exhibited the

formation of four or more mammary tumors following DMBA exposure. Importantly,




these animals should lack the Mcs-7 gene. Twenty animals were used so that the
representation of all other alleles in the genome would be approximately 50% COP
and 50% WF (Lisitsyn et al.,, 1994). After each library is constructed the PCR
adaptors are removed from both libraries. For the tester library the DNA is size-
selected and new adaptors are added to the resulting sample. Then the tester
library is mixed with an excess of the driver library, denatured and allowed to
anneal. During the annealing reaction three complexes are formed: driver to driver
complexes, driver to tester complexes, and tester to tester complexes. At the end of
the annealing time PCR is performed using primers for the tester library adaptors.
Since only the tester to tester complexes have adaptors on each end, they only will
be exponentially amplified by PCR. Three successive rounds of
annealing/amplification are performed and the resulting DNA fragments are
subcloned into a pUC 19 vector followed by transformation into bacterial cells.
Individual clones from this library are then screened by Southern analysis for the
proper attributes. A desired clone would hybridize to the original tester library but
not the driver library and would exhibit a RFLP between the two parental rat strains.
Due to the way in which this experimental system is designed we expect the RFLP
pattern to show a small fragment in the COP DNA and a large fragment in the WF
DNA. Because the original libraries are generated from the whole rat genome this
method of generating probes should help us isolate both new genomic markers
linked to Mcs-1 on chromosome 2 and other markers linked to the phenotype which

may be located at other positions in the rat genome.




It should be noted at this point that all of the data reported in this document were
not produced solely by Dr. Ford. Dr. Ford spent the last year working out the
conditions for the GDRDA approach and utilizing it in an attempt to gain new
markers for the resistance phenotype. The generation of chromosome-specific and
microdissected libraries was performed by Dr. Laurie Shepel and the SSR mapping
was performed by Gerlyn Heil. Both Dr. Shepel and Miss Heil collect salaries from
separate sources. While Dr. Ford did not specifically conduct the work of Dr.

Shepel and Miss Heil, she was involved on a weekly basis with the progress and
design of these experiments. As with most large mapping projects, this one is a

team effort.

BODY
MATERIALS AND METHODS

Generation of Chromosome 2 Libraries

For whole chromosome 2 libraries, the source DNA is obtained by flow cytometric
sorting of rat chromosome 2 (Shepel et al, 1994), and the chromosomes are used directly
for PCR without DNA purification. Microdissected regions 2g1 and 2q1.1 of chromosome 2
were obtained from BIOS Labs, New Haven, CT.

PCR was carried out using the degenerate primer
5’'CCGACTCGAGNNNNNNATGTGG 3’ (Telenius et al, 1992). The other primer listed
in the initial proposal, 5CCCAAGCTTGCATGCGAATTCNNNNCAGG3’, was not used

after the initial attempts because it yielded PCR products that were too specific and




thus not a random representation of the template. Template for each reaction
consisted of 1000-2000 copies of whole chromosome 2, 10 copies (5 dissections) of
each microdissection, and 20 ng of Copenhagen DNA for a positive control. A negative
control reaction containing no DNA was also performed to ensure no background
contamination. Reaction volumes were 25 ul for the positive and negative controls as
well as the microdissected DNAs, and 50 ul for the sorted chromosome template. Final
concentrations of reagents were 10 mM Tris, pH 8.3, 50 mM KCI, 1.5 mM MgCl,,
0.001% gelatin, 200 ugM dNTPs, 1.5 gM primer, 1.25 Units Taq LD polymerase (Perkin-
Elmer Cetus). Note also that for whole sorted chromosomes, there will be additional
components in the reaction which come from the sheath fluid in which the
chromosomes are sorted (some salts and spermine and spermidine), but these do not
seem to inhibit the reaction. We followed the protocol of Guan et al. (1992) with the
following cycle conditions. The reaction mixtures were first heated to 94 °C for 4 min,
followed by one cycle at 94 'C for 1 min, 20 C annealing for 1 min, and 72°C synthesis
for 3 min, then 9 cycles at 94°C for 1 min, 20 C for 1 min, 72°C for 1 min, and 35
cycles at 94°C for 1 min, 50 C for 1 min, and 72 'C for 1 min with a 5 sec auto-extension

on each synthesis step. The last 72°C synthesis step was carried out for 10 min.

To prepare the reaction products for insertion into the pAMP10 vector (Gibco BRL Life
Technologies, Gaithersburg, MD), 2.5 uL of the amplified product was reamplified with the
same primer bearing a (CUA), tail at the 5 end. For a 100 ulL reaction volume the mixture

was heated to 94'C for 5 min followed by 20 cycles at 94 C for 1 min, 50°C for 1 min, and




72°C for 1 min. The final synthesis step was extended to 10 min. Two uL of this product
were annealed into the pAMP10 vector (20 pl reaction volume) according to the
manufacturer’s directions (CloneAmp Systems, Gibco BRL). One uL of the annealed
reaction was used to transform DH5aF’ competent cells (Gibco-BRL Life Technologies,

Gaithersburg, MD) yielding 2000-4000 transformants grown under ampicillin selection.

Screening and sequencing of Chromosome 2 libraries.

Transformants containing chromosome 2-specific sequences were screened for
(CA), repeats by colony filter hybridization with a poly (dA-dC)/poly(dG-dC) polymer
(Pharmacia, Piscataway, NJ). We have successfully used both radioisotope-labelled
as well as biotin-labelled (Rad-Free system, Schleicher and Schuell) probe for this
screening. Positive clones were isolated and either plasmid DNA or ssDNA was
isolated for sequencing. DNA sequencing to identify the unique DNA sequences
surrounding the (CA), repeats was performed using the Sequenase system (USB).
New primers were constructed from the clone sequences for PCR analysis of the four
rat strains to determine which markers are informative in our parental strains. To
measure the length of the SSR, genomic DNA was used as a template for PCR with
unique primers. A radiolabeled deoxynucleotide was incorporated during the reaction
so that the product can be visualized by autoradiography or phosphorimaging
(Molecular Dynamics) after gel electrophoresis. Informative markers (those

demonstrating strain polymorphisms) were then be used to score the backcross animals
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for linkage to the MCS phenotype.

Linkage analysis of SSR markers

Genomic DNA samples were prepared from either rat tails or spleens of the
backcross and parental animals using the standard procedure (Ausubel et al., 1987).
SSR markers were obtained from Research Genetics (Huntsville, Alabama). PCR
reactions were performed with [a-**P]JdATP (3000 Ci/mmole) and electrophoresed on
5% polyacrylamide sequencing gels. For each reaction 50 ng of genomic DNA was
amplified in a 5 plreaction containing 10 mM Tris-CL, pH 8.3 , 1.5 mM MgCL,, 50 mM
KCL, 0.01% w/V gelatin, 120 nM of each primer, 200 yM [a-*P]dATP, and AmpliTaqg
polymerase (0.5-1 U/100 microliters, Perkin Elmer Cetus). The reactions were set up
in 96-well plates using a Biomek workstation (Beckman Instruments), overlayed with
mineral oil (Sigma) and run on an MJ Research Programable Thermal Cycler PTC-100
using the following cycling conditions: denaturation at 94 C for 3 min followed by 25
cycles of 95 C, 1 min; 55 C, 1 min; and 72 C, 30 sec. A final 72 C extension step was
carried out for 5 min. Wet gels were transferred to Whatman 3M paper, wrapped in
Saranwrap, exposed to either film or a phophoimager screen (Molecular Dynamics)
followed by analysis by eye or the Phosphoimager (Molecular Dynamics) respectively.
For qualitative analysis, phenotypes of backcross animals were defined as resistant or
sensitive based on the number of tumors formed. This data, together with the
microsatellite or SSR data, was subjected to linkage analysis using the MAPMAKER

computer program (Lander et al., 1987). Quantitative analysis was also performed with
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the program MAPMAKER-QTL (Lander and Botstein, 1989).

Genetically Driven Representational Difference Analysis

Genomic DNA for all backcross animals and parental strains was isolated from
frozen spleens using the standard purifications methods (Ausebel et al., 1987).
Restriction endonuclease digestions for all three libraries, Bam HI, Bg/ I, and Hind Il
were carried out using Promega’s (Madison, Wisconsin) enzymes and buffer system
at 37 C for 16 hours. The resulting fragments were purified by phenol extraction and
precipitation in 0.3 M sodium acetate and 2.5 volumes 100% ethyl alcohol. PCR
adaptors were ligated to the DNA using T4 DNA ligase (Gibco BRL, Gaithersburg, PA)
at 16 C overnight. PCR amplification was carried out using the suggested protocol
(Lisitsyn et al., 1994). Twenty individual libraries were constructed and then mixed for
creation of the driver library to avoid underrepresentation of any one of the individual
backcross animals. The remainder of the procedure was conducted according to the
suggested protocol with the following exceptions. All three restriction libraries were
hybridized four times to excess driver DNA with the final PCR amplification step being
carried out for 38 instead of 30 cycles. The resulting clones were digested with the
original restriction enzyme and ligated into the pUC 19 vector (Gibco-BRL,
Gaithersburg, PA). Individual clones were obtained following transformation into
competent DH5a bacterial cells (Gibco BRL, Gaithersburg, PA) and plating onto LB

ampicillin plates (100 pg/ml). Each clone was purified from the bacterial cells using
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PCR and the M13 forward and reverse primers under the same conditions as listed
above for generation of the driver and tester libraries. Following analysis on 1%
agarose gels the clones were radioactively labeled with [a@ *’P] dCTP using the
Megaprime DNA labeling syste'm (Amersham Life Science Inc., Arlington Heights, ILL)
according to the manufacturer's directions. Each probe was then analyzed by
conventional Southern blot technology for hybridization to restriction-digested COP and

WF DNA.

RESULTS AND DISCUSSION

Objective 1. Chromosome-specific_library generation and screening.

In the generation of the chromosome 2-specific libraries, problems were
encountered with background contamination, and such problems are currently being
addressed. Additionally, the 2q1 library that was generated contained very few unique
clones, i.e. most were identical. This common clone was sequenced but was not
informative between the four rat strains. In spite of these problems, we were able to
obtain two additional markers on chromosome 2 from the whole chromosome 2 library.
These markers are designated UW5 and UW9, and are included in the updated map
shown in appendix A, but neither are linked to the MCS phenotype. As in objective 2
(below), additional SSR markers have been obtained from Research Genetics, and
from Dr. Howard Jacob (Mass. General Hospital). Of these, 8 markers have been

added to the map shown in our initial proposal. Thus, along with the 2 markers from
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our libraries, we have added 10 markers to the rat map. Notably, marker R696 maps
0.6 cM proximal to M13 and is linked to Mcs-1 with a quantitative LOD of 3.2
(compared with 3.8 for M13). This serves as confirmation of the linkage of M13 to Mcs-
1. However, more markers are still needed in this region to accurately locate Mcs-1.
We are continuing to generate libraries from both sorted and microdissected

chromosome 2, and we hope to obtain useful markers in the near future.

Objective 2. Testing of SSR markers over entire genome.

Additional microsatellite markers have been obtained from Research Genetics, as
well as several unpublished ones from the lab of Dr. Howard Jacob. Those that are
informative have been added to our overall map of the genome and have been tested
for linkage to the MCS phenotype. The updated genome map shown in the appendix
contains 30 new markers compared with the map at the time the proposal was
submitted.

Upon testing these markers for linkage to the MCS phenotype, several markers on
chromosome 7 appear somewhat promising. Using quantitative analysis, marker
R5141 yielded a LOD score of 2.2, and R3543 yielded a LOD of 2.6. Though these
LOD scores are less than the preferred cutoff of 3.0, they are worth pursuing. We will
continue to try to find additional informative markers in this region to determine whether
it may represent an additional quantitative trait locus, i.e. Mcs-2. If necessary, we will

generate sorted and/or microdissected chromosome 7 libraries to obtain such markers
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as is being done for chromosome 2.

This work is ongoing as we still have roughly 63 informative markers to screen, plus
an additional 87 uncharacterized markers which, if informative in our backcrosses, can
be screened for linkage to the MCS phenotype. Should the need arise, we also have
access to some 600-700 unmapped markers which can be tested for informativeness

and then both mapped and screened for linkage to the phenotype.

Genetically Directed Representational Difference Analysis

GDRDA was performed using COP DNA for construction of the tester library and
a combination of 20 DNAs from backcross animals containing 4 or more mammary
tumors for driver library construction. We have completed 4 rounds of
hybridization/amplification for 3 separate restriction endonuclease libraries: Bam HI,
Bglll, and Hindlll, and are currently in the process of screening clones from each library
for RFLP’s between COP and WF parental DNA. To date 50 Bgl/ll clones, 36 BamHI
clones, and 15 Hindlll clones have been screened by Southern blot using COP and WF
DNA digested with the appropriate restriction endonuclease. Of the 101 clones tested
thus far only one has demonstrated a polymorphism between the two strains (see
Appendix B). This clone, designated Bam20 shows a high molecular weight
polymorphism. The polymorphism pattern expected from this procedure is a small
fragment in one parental strain and a large fragment in the other. Bam20 binds to

several fragments in both COP and WF DNA, but does not show the expected pattern.

15




For this reason, we do not believe that this marker will prove to be linked to the MCS
phenotype, however, we are currently working to map this clone and test it for linkage.
The GDRDA technigue has thus far not proved overly successful for our purposes.
Therefore we intend to continue screening clones until we have screened 50 from each
of the three libraries. If at that time no useful markers have been obtained, we will

abandon this procedure and concentrate on objectives 1 and 2.

CONCLUSIONS

There are few conclusions that can be made at this time other than we need to
continue pursuing the experimental methods detailed above to further map the rat
genome and identify markers which are linked to the mammary carcinoma resistance
phenotype in rats. The fact that we are working in the rat means that progress will be
slower since large number of markers are not yet available for use as in the mouse and
human.

Thus far however we have located a new site on rat chromosome 7 which may be
linked to the resistance phenotype and therefore may represent a second allele, Mcs-2.
We have worked out the details for use of the GDRDA procedure and as yet cannot
conclude if this procedure will provide us with additional markers. Further testing which
should be completed by August of 1995, is required to determine the usefulness of this
procedure for our purposes. And finally, we continue to screen additional SSR markers
for linkage to the MCS phenotype and are continuing our efforts utilizing chromosome-

specific and microdissected libraries to isolate new SSR markers in the area of interest
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on rat chromosome 2.
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Appendix B

{ BB DNA ladder
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Genomic Southern blot of COP and WF DNA digested with BamH|
and probed with the Bam20 cione.
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